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PROCESS AND DEVICE FOR PRODUCING METALLIC HONEYCOMB BODIES 

USING RADIATION HEATERS 

5 

Cross -Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/EP02/03474 , filed March 28, 2002, which 
designated the United States and was not published in English, 

10 

Background of the Invention : 
Field of the Invention : 
The present invention relates to a process for producing 
metallic honeycomb bodies in which at least partially 

15 structured metal foils are stacked and/or wound in order to 

form a honeycomb structure with passages running approximately 
parallel to an axis. The metal foils are at least partially 
inserted into a tubular jacket and are connected to one 
another by joining at least in partial regions. The invention 

20 also describes a device for producing metallic honeycomb 

bodies which is suitable in particular for carrying out the 
process. Metallic honeycomb bodies of this type are used, for 
example, as catalyst support bodies for purification of an 
exhaust gas from an internal combustion engine. 
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Known honeycomb bodies, in particular metallic catalyst 
support bodies, have a honeycomb structure with thin-walled, 
smooth and/or corrugated sheet-metal foils which are wound, 
for example, in a spiral or S shape and are connected to one 
5 another in a circle-cylindrical or oval -cylindrical tubular 
jacket by joining techniques such as welding, soldering, 
sintering, adhesive bonding or the like. 

To increase the ability of a honeycomb body of this type to 
10 withstand fluctuating thermal loads, it is already known for 
the sheet -metal foils of the honeycomb structure to be 
connected to one another and if appropriate also to the 
tubular jacket by joining only in certain partial regions, for 
example at the end sides, so that in the event of a thermal 
15 load occurring the tubular jacket and the honeycomb structure 
have unimpeded expansion options. This results in that 
fluctuating plastic deformations of the honeycomb structure, 
causing destruction and detachment of the honeycomb structure, 
are avoided. 

20 

Furthermore, processes for connecting a honeycomb structure 
disposed in a txibular jacket by joining at the end sides in 
which the connection by joining is carried out in a 
discontinuous process that lasts a few hours in a high- 
2 5 temperature furnace are known. The individual honeycomb 
bodies are in this case grouped into batches and then 


E-80045 

introduced into the furnace. To avoid chemical reactions, 
such as for example the undesirable formation of crystals or 
oxidation in particular at the surface of the sheet-metal 
foils, the joining process in the furnace takes place under 
5 vacuum conditions or under a shielding gas atmosphere 

containing, for example, argon and/or hydrogen. This entails 
in particular a relatively high outlay on apparatus and 
correspondingly high costs . 

10 Furthermore, continuous processes that use induction coils 

during the connection of the sheet -metal foils by joining are 
known. The induction coils serve the purpose of heating at 
least partial regions, in which the sheet -metal foils are 
ultimately to be connected by joining, so that, by way of 

15 example, a solder disposed in the partial regions begins to 
flow and after cooling produces a connection of this nature. 
Depending on the type of connection by joining, the induction 
coils have to be operated at different AC voltage frequencies 
and have to be brought relatively close to the corresponding 

2 0 partial regions of the honeycomb body. This may lead to non- 
uniform formation of connections by joining in the respective 
part ial regions . 

Summary of the Invention ; 
25 It is accordingly an object of the invention to provide a 

process and a device for producing metallic honeycomb bodies 
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using radiation heaters that overcome the above-mentioned 
disadvantages of the prior art methods and devices of this 
general type, which is particularly suitable for continuous 
production, with the quality of the connections by joining 
5 which are to be produced being improved. 

•The process according to the invention for producing metallic 
honeycomb bodies includes stacking and/or winding of at least 

10 partially structured metal foils to form a honeycomb structure 
with passages. The metal foils are heated with the aid of at 
least one radiation heater from the open-end face of the 
passages. The honeycomb structure, at least in a partial 
region, being heated in such a way that the at least one 

15 partial region has reached a temperature of 800° C to 12 00*^ C 
within a time of 5 s to 30 s. The metal foils are connected 
to one another by joining in the at least one partial region. 

Tests have shown that it is particularly advantageous for the 
20 partial regions to be heated up within a time of preferably 
less than 10 seconds, in particular to a temperature of 
approximately 1050 C. On account of the short heating time 
to these high temperatures and targeted heating of 
predeterminable partial regions, the invention provides a very 
25 efficient, energy-saving method- This also has the advantage 
that the proposed process is particularly suitable for the 
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series production or mass production of metallic honeycomb 
bodies , 


Furthermore, it is proposed that radiation heaters which 
5 generate a targeted infrared heating radiation, with a clear 
temperature drop being produced near the outside of the at 
least one partial region, are used to heat the honeycomb 
structure. The spatially very limited introduction of heat on 
account of the substantially parallel infrared heating 

10 radiation leads to a very uniformly distributed thermal energy 
and therefore to a very uniform formation of connections 
within the heated partial regions. Consequently, the process 
according to the invention produces metallic honeycomb bodies 
that have high-quality connections produced between the metal 

15 foils by joining, with the heating process only taking a short 
time . 

According to a further configuration of the process, the 
honeycomb structure has passages running approximately 

20 parallel to an axis, the heating radiation being directed onto 
an end side of the honeycomb structure in such a manner that 
the honeycomb structure is heated only in partial regions with 
an axial depth which is less than the axial length of the 
passages. This allows the production of honeycomb bodies 

25 whose metal foils, by way of example, are only connected to 

one another near the end side, with in particular a thermally 
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induced compensating expansion of the metal foils with respect 
to one another being ensured. In this context, the term end 
side refers to the surface in which the end faces of the 
passages are substantially disposed. 

5 

The metal foils, before being heated, are at least partially- 
introduced into a tubular jacket, and are connected to one 
another by joining. The metal foils are then inserted 
completely into the tubular jacket and a number of the metal 

10 foils are connected to the tubular jacket by joining. In this 
case, by way of example, it is possible to use different 
radiation heaters, with a relatively homogeneous distribution 
of the heat capacity in the partial regions being ensured at 
least while the metal foils are being connected to one 

15 another. Therefore a somewhat lower-energy radiation heater 

can be used for this connection than is subsequently used when 
generating the connection between the tubular jacket and the 
honeycomb structure . 

20 According to a further configuration of the process, prior to 
the heating operation the metal foils are introduced 
completely into the tubular jacket, with the tubular jacket 
preferably projecting beyond the end sides of the honeycomb 
structure. This has the advantage that the metal foils no 

25 longer have to be moved relative to the tubular jacket after 
the connections by joining have been formed. 


E-80045 


According to yet a further configuration of the process, the 
metal foils, before being heated, are disposed on the outside 
of an inner tube in such a way that the metal foils form 
5 passages running substantially transversely with respect to 
the inner tube, with a number of metal foils being connected 
to the inner tube by joining. This also, by way of example, 
gives a process for producing honeycomb bodies through which 
gases can flow in the radial direction, wherein the inner tube 
.10 in particular has openings through which a gas which flows 
centrally into the inner tube flows out into the radially 
outwardly directed passage or vice versa. 

It is particularly advantageous for adjacent sections of the 
15 tubular jacket and/or of the inner tube to be heated 

simultaneously, if appropriate with the aid of inductively 
acting heating. In this way, it is also possible to produce a 
connection by joining between a number of metal foils and the 
tubular jacket or the inner tube. The result of this is that 
2 0 the production of connections by joining between the 

individual metal foils and also between metal foils and the 
tubular jacket or inner tube takes place in a single process 
step, which in particular reduces production time. However, 
in this case it should be born in mind that the heating times 
25 required to reach a certain temperature may be lengthened if 
the tubular jacket or the inner tube is also to be heated. 
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The reason for this lies in particular in the different heat 
capacities of the metal foils and the tubular jacket or inner 
tube . 

5 According to yet a further configuration of the process, the 
at least one end side of the honeycomb structure is completely 
heated to a predeterminable depth. This leads to a complete, 
end-side connection of metal foils, preventing, for example, 
ends of the metal foils disposed at the end sides from being 

10 excited to vibrate as a result of pressure fluctuations 

occurring in an exhaust-gas stream, since such vibrations 
could cause adjacent connections formed by joining to become 
detached under long-teirm mechanical load. Accordingly, the 
formation of connections between the individual metal foils by 

15 joining over the entire end side of the honeycomb structure 
increases, for example, the service life of a honeycomb body 
that is used as a catalyst support body in an exhaust system. 

If the honeycomb structure has passages running approximately 
20 parallel to an axis, according to a further configuration of 

the process the depth of the heated partial regions is varied, 
the heating in partial regions of the honeycomb structure 
which are disposed on the radially outer side reaching a 
greater depth than in partial regions which are disposed on 
25 the radially inner side. Of course, with a view to achieving 
a configuration of a honeycomb body through which gas can flow 
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in the radial direction, a correspondingly varying depth in 
the axial direction and/or circumferential direction of the 
honeycomb body is also possible. In this way, it is possible, 
for example, for a more stable connection to be produced 
5 between the honeycomb body and the tubular jacket or inner 
tube than the connections between the individual metal foils 
formed by joining. 

According to a further configuration of the process, the 

10 heating radiation impinges on the end side of the honeycomb 
structure at an angle of between 10° and 80**. The angle 
selected in this respect has effects on the depth to which the 
honeycomb structure is heated. In the case of angles smaller 
than 10*=*, the heating radiation extends to a relatively large 

15 partial region of the end side. The result of this is that 
the thermal energy produced by the radiation heater is 
distributed over larger partial regions, thus reducing the 
amount of energy introduced per unit surface area and slowing 
the heating process. Angles larger than 80° should likewise 

20 be avoided, since in this case a large proportion of the 

heating radiation or thermal energy passes directly through 
the honeycomb structure and cannot be utilized to heat the 
metal foils. Furthermore, when selecting the angle the 
external shape of the end side should be taken into account. 

25 For example, if the end side is a telescopic configuration of 
metal foils, in which adjacent metal foils are disposed 
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partially offset with respect to one another, by way of 
example, depending on the nature of the telescopic 
configuration, relatively large or relatively small angles 
should be used, while in the case of a substantially planar 
5 end side angles in a range from 30*^ to 60® are preferred. 

According to yet a further configuration of the process, the 
honeycomb body is moved relative to the at least one radiation 
heater during the heating operation. The result of this is 

10 that if appropriate even large partial regions of the. 

honeycomb structure, in particular the entire end side of the 
honeycomb structure, are heated with the aid of a radiation 
heater which emits a spatially limited heating radiation. 
According to a process variant, it is proposed for the 

15 radiation heater to execute a relative rotational movement 

about the axis of the honeycomb body, which likewise ensures 
large-area, uniform heating of the honeycomb structure. 

It is preferable for the relative movement between the 
20 honeycomb body and the radiation heater to be generated by 
virtue of the honeycomb body rotating about its axis and/ or 
the angle between the radiation axis of the radiation heater 
and the axis of the honeycomb body being varied. This ensures 
that the heating radiation penetrates the desired depth into 
25 the honeycomb structure, irrespective of whether the partial 
regions that are to be heated are located close to a 
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projecting tubular jacket or in centrally disposed partial 
regions of the end side. 


According to yet a further configuration of the process, the 
5 connections by joining are produced by soldering, sintering 
and/or diffusion welding. In this case, it is particularly 
advantageous, prior to the heating operation used to form the 
connections by joining, for solder, diffusion promoter or the 
like to be disposed in the partial regions. It is preferable 

10 to form connections by joining using the soldering technique, 
in which case solder is disposed in the partial regions prior 
to the heating operation. This keeps the temperatures 
required to form the connection by joining relatively low 
while allowing relatively short cycle times for forming the 

15 connections to be maintained. 

If particularly high temperatures (in particular higher than 
1,000° C) occur during production of the connection by 
joining, it is advantageous for the connections to be produced 
20 under shielding gas. Known shielding gases, in particular 
with an argon content, are suitable for this purpose. 

A further aspect of the invention proposes a device for 
producing metallic honeycomb bodies, in particular for 
25 carrying out the process according to the invention. The 
device contains a positioning surface for positioning a 
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honeycomb body during a heating operation and at least one 
radiation heater having a radiation axis. The device is 
distinguished by the fact that the positioning surface and the 
radiation axis of the radiation heater include an angle of 
5 from 10^ to 80®. In this case, the radiation heater is in 

particular configured in such a way that it emits radiation at 
an angle of 10° to 80° with respect to the end side of a 
honeycomb body fixed on the positioning surface. The 
radiation heater allows rapid heating of partial regions of 
10 the honeycomb body in order to form connections by joining. 

To ensure that partial regions of the honeycomb body are 
heated as uniformly as possible, the positioning surface is 
preferably pivotable, so that the angle is adjustable, in 
15 particular during the heating operation. This can likewise be 
achieved by a further configuration of the device in which the 
at least one infrared radiation heater is pivotable. 


According to yet a further configuration of the device, the 
20 distance between the positioning surface and the at least one 
infrared radiation heater is variable. In this context, it is 
particularly advantageous for the at least one infrared 
radiation heater to be moveable on prede terminable paths 
relative to the positioning surface. In this way it is 
25 possible, for example, to ensure that the connections by 
joining are generated over a varying depth in different 
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partial regions of the heated end side. With a view to 
superimposing a plurality of relative movements of the 
honeycomb body and the infrared radiation heater, it is 
particularly advantageous for these movements to be adapted to 
5 one another, in particular by the individual movements being 
recorded by metrology and/or coordinated by a common, 
preferably computer-controlled control unit. 

According to yet a further configuration of the device, the 
10 positioning surface has a holding device for fixing the 

honeycomb body. This ensures that a desired positioning of 
the honeycomb body with respect to the infrared radiation 
heater is maintained. A holding device of this type is 
important in particular if the positioning surface is part of 
15 a conveyor belt. A conveyor belt of this type makes it 

possible to produce metallic honeycomb bodies in a continuous 
process, which is particularly suitable in view of the short 
heating times of the honeycomb body achieved by the infrared 
radiation heaters. 

20 

According to a further configuration, the device has mirrors 
for diverting and/or reflecting the heating radiation. 
Therefore, parts of the heating radiation that have already 
been reflected by the metal foils are used again. 
25 Accordingly, the use of mirrors of this type leads to improved 
utilization of the heating radiation generated by the infrared 
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radiation heaters. However, it is also possible for radiation 
to be emitted directly onto the mirrors and in this way- 
diverted onto the partial regions which are to be heated, in 
which case, by way of example, it is possible to "bypass" 
5 projections or shoulders which project into the direct 
radiation axis in the vicinity of the end side of the 
honeycomb body. 

If the connections by joining are produced at very high 
temperatures, the device generates a local shielding gas 
atmosphere, via a housing. In this case, the housing 
surrounds at least sections close to the partial region of the 
honeycomb body, which is heated with the aid of the infrared 
radiation heaters, the intention being to avoid impeding the 
direct heating radiation. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

20 Although the invention is illustrated and described herein as 
embodied in a process and a device for producing metallic 
honeycomb bodies using radiation heaters, it is nevertheless 
not intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 

25 without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 
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The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
5 of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings ; 

Fig. 1 is a diagrammatic, perspective view of an embodiment of 
10 a honeycomb body that has. been produced ; 

Fig. 2 is a perspective view of a first embodiment of a device 
according to the invention; and 

15 Fig. 3 is a perspective, partially cut-away view of a second 
embodiment of the device according to the invention. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
20 first, particularly, to Fig, 1 thereof, there is shown a 
diagrammatic and perspective illustration of a metallic 
honeycomb body 1 with stacked metal foils 2 wound in an S 
shape. The honeycomb body 1 has passages 5 that are formed by 
smooth and corrugated metal foils 2. The passages 5 and the 
25 metal foils 2 form a corresponding honeycomb structure 3. The 
honeycomb structure 3 is surrounded by a tubular jacket 6 that 
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projects beyond end sides 7 of the honeycomb body 1, The 
individual, open-end faces 26 of the passages 5 are in this 
case disposed substantially in planar end sides 7 of the 
honeycomb body 1 . 

5 

Production of the metallic honeycomb body 1 illustrated 
contains, for example, the now described steps. 

At least partially structured metal foils are stacked and then 

10 wound them in an S shape to form the honeycomb structure 3 

with the passages 5 running approximately parallel to an axis 
4 . The metal foils 2 are then completely inserted into the 
tubular jacket 6, with the tubular jacket projecting beyond 
the end sides 7 of the honeycomb structure 3 . An end side 7 

15 of the honeycomb structure 3 is completely heated with the aid 
of at least one radiation heater 8. The heating radiation 
being directed onto the open end faces 26 of the passages 5 in 
such a manner that the honeycomb structure 3 is heated in a 
partial region 9 with an axial depth 10 (which is less than 

20 the axial length 11 of the passages 5) in such a way that the 
partial region 9 has reached a temperature of 800° C to 1200° 
C after just 5 to 30 seconds, and preferably after 10 seconds. 
The metal foils are connected to one another by joining, and 
the radially 13 outer regions of the metal foils 2 are 

25 connected to the tubular jacket 6 by joining, the connections 
by joining being effected by soldering. 
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Fig. 2 shows a diagrammatic, perspective illustration of a 
first embodiment of a device according to the invention for 
producing the metallic honeycomb bodies 1. The device has a 
5 positioning surface 16 for positioning a honeycomb body 1 

during a heating operation and an infrared radiation heater 8 
with a radiation axis 15. The radiation axis 15 and the end 
side 7 of the honeycomb body 1, which is approximately 
parallel to the positioning surface 16, are at an angle 14 of 

10 10° to 80® with respect to each other. The honeycomb body 1 
is in this case fixed by a holding device 19. A distance 17 
from the infrared radiation heater 8 to a point of incidence 
of the heating radiation on the end side 7 of the honeycomb 
body 1 is to be selected in such a way that it is ensured that 

15 the honeycomb structure 3 is heated to the predetermined depth 
10 as quickly as possible . 

In this case, it is particularly advantageous for the infrared 
radiation heater 8 to be moved on a path 18 relative to the 

20 honeycomb body 1, with the angle 14 preferably being varied. 
The path 18 is illustrated in the form of a circle, but it is 
possible to generate any desired path 18, in particular using 
a computer-controlled movement. For improved utilization of 
the heating radiation, the device has a mirror 21 that throws 

25 any reflected heating radiation back onto the honeycomb 

structure 3. Since this allows very rapid heating of partial 
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regions of the honeycomb body 1, it is recommended for the 
formation of connections by joining in this way to be carried 
out as a continuous process. The positioning surface 16 in 
this case represents a section of a conveyor belt 22. 

5 

Fig. 3 shows a second embodiment of the device according to 
the invention, for producing the metallic honeycomb body 1 
through which gas can flow in the radial direction. The 
honeycomb body 1 in this case has a plurality of layers of the 

10 structured and smooth metal foils 2 which form the passages 5 
which run substantially transversely with respect to a 
centrally disposed inner tube 27, or radially outward. The 
honeycomb body 1 is fixed relative to the positioning surface 
16 using the holding device 19, extending through the 

15 positioning surface 16 . The honeycomb body 1 is surrounded by 
a housing 22, which is used in particular to form a shielding 
gas atmosphere in the interior. For this purpose, by use of a 
nozzle 23, by way of example argon-containing shielding gas is 
fed from the end side 7 of the honeycomb body 1 into the 

2 0 interior of the central inner tube 27 and emerges again from 
the open end faces 26 of the passages 5, the connections by 
joining being produced in a shielding gas atmosphere using the 
infrared radiation heater 8. For this purpose, the housing 
has openings 24 which ensure unimpeded heating of the 

25 honeycomb structure 3 along the radiation axis 15. In this 

context, arrow 25 indicates that the honeycomb body 1, by way 
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of example, rotates during the heating operation, with the 
radiation heater 8 preferably emitting radiation onto the end 
side 7 of the honeycomb body 1 at different angles 14 within a 
range from 10® to 80°. This ensures uniform heating and 
5 therefore also a high-quality connection by joining. 

Furthermore, the embodiment illustrated offers the option of 
simultaneous heating of both end sides 7 of the honeycomb body 
1 on both sides. This could further reduce production times 
for a metallic honeycomb body 1 of this type. 
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